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(57) ABSTRACT 

A Semiconductor device includes a Semiconductor chip, a 
resin package for Sealing Said Semiconductor chip, metal 
layerS provided on a mounting-side Surface of Said resin 
package in an exposed manner and connecting members for 
electrically connecting electrode pads provided on the Semi 
conductor chip and the metal layers. The metal layers are 
provided with Stud bumps on the mounting Side, the Stud 
bumps Serving as external connection terminals. 
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SEMCONDUCTOR DEVICE INCLUDING STUD 
BUMPS AS EXTERNAL CONNECTION 

TERMINALS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to a semi 
conductor device, a method of manufacturing a Semicon 
ductor device and a method of manufacturing a lead frame, 
and particularly relates to a Semiconductor device having 
high-density external-connection electrodes, a method of 
manufacturing Such a Semiconductor device and a method of 
manufacturing a lead frame. 
0.003 Recently, there is a need for semiconductor devices 
having Smaller mounting areas on Supporting boards So as to 
realize miniaturization of electronic devices. Also, there is a 
need for fine-pitched Semiconductor devices in respect to the 
pitches of electrodes and of external connection terminals. 
0004 2. Description of the Related Art 
0005 FIGS. 1A to 1C and FIG. 2 are diagrams showing 
resin-Seal type Semiconductor devices of the related art. 
0006 Referring to FIGS. 1A to 1C, a first resin-seal type 
Semiconductor device includes a resin 1, a Semiconductor 
chip 2, outer leads 3, bonding wires 4 and a die pad 5. This 
Semiconductor device has a package Structure called SSOP 
(Shrink Small Outline Package) and is mounted on a Sup 
porting board with the outer leads 3 bent in a gull-wing 
shape. 

0007 Referring to FIG. 2, a second resin-seal type 
Semiconductor device is provided with the resin 1, the 
Semiconductor chip 2, the bonding wires 4, Solder balls 6 
and a Semiconductor chip mounting board 7 whereon the 
Semiconductor chip 2 is mounted. This Semiconductor 
device has a package structure called BGA (Ball Grid 
Array), and terminal parts mounted on the mounting board 
are formed of Solder balls 6. 

0008. With the semiconductor device of the SSOP type as 
shown in FIGS. 1A to 1C, there is a problem that the 
mounting area becomes large. This is because a connection 
part 9 between inner leads 8 in the resin 1 and the outer leads 
3, and the outer leads 3 both occupy comparatively large 
areas. Also, with the semiconductor device of the BGA type 
shown in FIG. 2, there is a problem of additional cost since 
the device requires the mounting board 7. 
0009. In order to provide a semiconductor device which 
can Solve the above-described problems, the applicant has 
proposed Japanese Laid-Open Patent Application 9-162348. 
FIG. 3 shows a semiconductor device 110 related to the 
cited application. 

0010) The semiconductor device 110 shown in Fig.3 has 
a package structure called BCC (Bump Chip Carrier) and 
has an extremely simple Structure including a Semiconductor 
chip 111, a resin package 112 and metal layers 113. The 
metal layers 113 are deposited on resin protrusions 117 
integrally formed on a mounting Surface 116 of the resin 
package 12. The Semiconductor chip 111 is connected to the 
metal layers 113 by wires 118. Also, stud bumps 119 are 
provided So as to improve connectivity between the wires 
118 and the metal layers 113. 
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0011. The semiconductor device 110 having the above 
Structure no longer requires inner leads and outer leads as 
those of the SSOP type of the related art. Therefore, no area 
is required for the connection part between the inner leads 
and the outer leads and for the outer leads. Thus, the 
semiconductor device 110 can be miniaturized. 

0012. Also, a mounting board as used in the BGA type of 
the related art is no longer required since there is no need for 
Supporting the Solder balls thereon. Therefore, the cost of 
manufacturing the Semiconductor device 110 can be low 
ered. Further, the resin protrusions 117 and the metal layers 
113 cooperate So as to provide a function equivalent to that 
of the solder bumps of the semiconductor device of the BGA 
type. Thus, a mounting ability can be improved. 

0013 However, problems may arise when attempting to 
provide fine-pitched external connection terminals having a 
terminal pitch Size of, for example, less than 0.5 mm So as 
to meet the recent trend of ever miniaturized and fine 
pitched semiconductor devices. With the semiconductor 
device 110 of the BCC structure shown in FIG. 3, the 
external connection terminals are formed of the resin pro 
trusions 117 and the metal layers 113. Thus, it is difficult to 
achieve a fine-pitched Structure in regards to creating half 
etched recesses of the lead frame during manufacturing 
processes of the Semiconductor device and to creating the 
metal layers 113. In other words, there is a limit in reducing 
the mounting area. Therefore, there is still a need for further 
reduction in the mounting area. 

0.014. Also, with the semiconductor device of the BGA 
structure shown in FIG. 2, a fine-pitched structure of the 
semiconductor device implies finer solder balls 6. It is then 
difficult to mount Such fine solder balls 6 on the semicon 
ductor mounting board 7 with high accuracy. 

0015 Accordingly, there is a need for a resin-seal type 
Semiconductor device having fine-pitched mounting termi 
nals and a Small mounting area, while achieving reduction in 
its cost and size. Also, there is a need for a method of 
manufacturing Such a Semiconductor device. Further, there 
is a need for manufacturing a lead frame. 

SUMMARY OF THE INVENTION 

0016. Accordingly, it is a general object of the present 
invention to provide a Semiconductor device, a method of 
manufacturing a Semiconductor device and a method of 
manufacturing a lead frame which can Satisfy the needs 
described above. 

0017. It is another and more specific object of the present 
invention to provide a Semiconductor device which can 
achieve a fine-pitched Structure of external connection ter 
minals. 

0018. In order to achieve the above objects according to 
the present invention, a Semiconductor device includes a 
Semiconductor chip Sealed in a resin and connecting mem 
bers for electrically connecting the Semiconductor chip and 
external connection terminals, wherein the external connec 
tion terminals are Stud bumps. 

0019. In the semiconductor device described above, 
when wires are used as the connecting members, Stud bumps 
can be formed with the Same equipment as used in a wire 
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bonding process, Since a wire bonder is used for forming the 
Stud bumps. Therefore, an equipment cost can be reduced. 
0020. It is still another object of the present invention to 
provide a Semiconductor device which can achieve a fine 
pitched Structure of external connection terminals and also a 
low-back Structure of the Semiconductor device. 

0021. In order to achieve the above object, a semicon 
ductor device includes a Semiconductor chip, a resin pack 
age for Sealing the Semiconductor chip, metal layerS pro 
Vided on a mounting-side Surface of the resin package in an 
exposed manner and connecting members for electrically 
connecting electrode pads provided on the Semiconductor 
chip and the metal layers. The metal layers are provided with 
Stud bumps on the mounting Side, the Stud bumps Serving as 
external connection terminals. 

0022. It is yet another object of the present invention to 
provide a Semiconductor device which can achieve good 
electrical connectivity between the Semiconductor chip and 
metal layers, and between the metal layerS and the mounting 
board. 

0023. In order to achieve the above object, each of the 
metal layerS has a Single-layered Structure and is made of 
one of gold (Au), palladium (Pd) and aluminum (Al). Other 
embodiments are also possible. Each of the metal layerS may 
have a double-layered Structure having two layers each 
made of respective one of gold (Au), palladium (Pd) and 
aluminum (Al). Each of the metal layers may have a 
double-layered Structure having an Outer layer made of 
palladium (Pd) and an inner layer made of nickel (Ni). Also, 
each of the metal layerS may have a triple-layered Structure 
having three layerS made of either a combination of an outer 
layer made of palladium (Pd), an intermediate layer made of 
nickel (Ni) and an inner layer made of palladium (Pd), or a 
combination of an outer layer made of gold (Au), an 
intermediate layer made of nickel (Ni) and an inner layer 
made of palladium (Pd). Further, each of the metal layers 
may have a quadruple-layered Structure having four layers 
made of a combination of an outer layer made of palladium 
(Pd), a first intermediate layer made of nickel (Ni), a second 
intermediate layer made of palladium (Pd) and an inner layer 
made of gold (Au). 
0024. It is yet another object of the present invention to 
provide a Semiconductor device which can achieve a further 
high-density Structure of the external connection terminals. 
0.025 In order to achieve the above object, A semicon 
ductor device includes a Semiconductor chip, a resin pack 
age for Sealing the Semiconductor chip and connecting 
members having one Set of ends connected to electrode pads 
on the Semiconductor chip and the other set of ends exposed 
from the resin package So as to form mounting-Side ends, 
wherein the mounting-Side ends exposed from the resin 
package are provided with Stud bumps, the Stud bumps 
Serving as external connection terminals. 
0026. It is yet another object of the present invention to 
provide a Semiconductor device which can provide the wires 
efficiently and at a low cost. 
0027. In order to achieve the above object, connecting 
members are wires. Therefore, a wire bonding equipment 
can be used which is commonly used as equipment for 
manufacturing Semiconductor devices. 
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0028. It is yet another object of the present invention to 
provide a Semiconductor device which can achieve a low 
back Structure of wire loops. So as to reduce the thickness of 
the Semiconductor device. 

0029. In order to achieve the above object, the wires 
extend from the Stud bumps and terminate at electrode pads 
on the Semiconductor chip. A joining area against the Stud 
bump will be greater Since an end of the wire which is joined 
to the stud bump becomes the first bonding side. Therefore, 
a joining ability between the Stud bumpS and the wires is 
improved. 

0030. It is yet another object of the present invention to 
provide a Semiconductor device which can prevent bad 
connections of the stud bumps and improve the reliability of 
the Semiconductor device. 

0031. In order to achieve the above object, an area of a 
part of the connecting members exposed from the resin 
package is greater than a joining area of the Stud bump. 
When automatically forming the Stud bumps using the 
wire-bonding equipment, the Stud bumps can be Securely 
joined on the first bonding parts Since Slight errors of 
bonding positions do not affect the joining of the Stud bumps 
and the first bonding parts. 
0032. It is yet another object of the present invention to 
provide a lead frame used for manufacturing the Semicon 
ductor described above, which has a simple Structure. 
0033. In order to achieve the above object, the metal 
layers are provided at positions corresponding to positions 
where the stud bumps are to be provided. 
0034. It is yet another object of the present invention to 
provide a lead frame used for manufacturing the Semicon 
ductor described above, which can prevent the resin package 
from falling off from the lead frame, thus improving a yield 
of manufacturing the Semiconductor device. 
0035) In order to achieve the above object, a recessed part 
is formed at a position corresponding to a position where the 
resin package is to be formed. Also, the lead frame can 
further include an intermediate metal layer provided inside 
the recessed part. Further, the recessed part has an area, at 
least at the periphery, not provided with the intermediate 
metal layer. Finally, the recessed part can be provided with 
raised parts formed therein. 
0036. It is yet another object of the present invention to 
provide a simple method of manufacturing the lead frame. 

0037. In order to achieve the above object, the method of 
manufacturing the lead frame includes the Steps of 

0038 a) forming a first resist on a base material; 
0039 b) forming a predetermined first resist pattern 
by removing parts of the first resist corresponding to 
the parts where through holes are to be formed, the 
through holes used for fixing or moving the base 
material; 

0040 c) forming through holes by etching the base 
material using the first resist pattern as a mask, 

0041 d) removing the first resist; 

0042 e) forming a second resist on a base material; 
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0043 f) forming a predetermined second resist pat 
tern by forming resist openings by removing parts of 
the Second resist corresponding to the parts where 
metal layers are to be formed; 

0044 g) forming metal layers at the resist openings 
formed on the Second resist, and 

0045 h) removing the second resist. 
0046. It is yet another object of the present invention 
to provide a method of manufacturing the Semicon 
ductor device with Simple manufacturing processes. 

0047. In order to achieve the above object, the method 
includes the Steps of: 

0048 a) mounting the semiconductor chip on the 
lead frame, and electrically connecting the Semicon 
ductor chip and the metal layers using the connecting 
members, 

0049 b) sealing the semiconductor chip on the lead 
frame So as to form the resin package; 

0050 c) dissolving the lead frame so that the metal 
layers are exposed; 

0051 d) forming stud bumps on a mounting-side 
Surface of the exposed metal layers. 

0.052 Alternatively, the method can include the steps of: 
0053 a) mounting the semiconductor chip on the 
lead frame, and electrically connecting the Semicon 
ductor chip and the metal layers using the connecting 
members, 

0054 b) sealing the semiconductor chip on the lead 
frame So as to form the resin package; 

0055 c) dissolving the lead frame and the metal 
layerS So that mounting-Side ends of the connecting 
members are exposed; 

0056 d) forming stud bumps on the exposed mount 
ing-Side ends of the connecting members. 

0057. It is yet another object of the present invention to 
provide a method of manufacturing the Semiconductor 
device which method can form external plating on a number 
of mounting- Side ends provided with a fine Structure. 
0.058. In order to achieve the above object, the method 
includes the Steps of: 

0059 a) mounting the semiconductor chip on the 
lead frame, and electrically connecting the Semicon 
ductor chip and the metal layers using the connecting 
members, 

0060 b) sealing the semiconductor chip on the lead 
frame So as to form the resin package; 

0061 c) dissolving the lead frame and the metal 
layerS So that mounting-Side ends of the connecting 
members are exposed; 

0062 d) forming external plating on the exposed 
mounting-Side ends of the connecting members. 

0.063. It is yet another object of the present invention to 
provide a method of manufacturing the Semiconductor 
described above, which can prevent the resin package from 
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falling off from the lead frame, thus improving a yield of 
manufacturing the Semiconductor device. 
0064. In order to achieve the above object, the method 
includes the Steps of: 

0065 a) mounting the semiconductor chip in the 
recessed part formed in the lead frame, and forming 
connecting members having one set of ends con 
nected to electrode pads on the Semiconductor chip 
and the other Set of ends exposed from the resin 
package So as to form mounting-Side ends, 

0066 b) sealing the semiconductor chip in the 
recessed part formed in the lead frame So as to form 
the resin package; 

0067 c) dissolving the lead frame so that the mount 
ing-Side ends of the connecting members are 
exposed; 

0068 d) forming stud bumps on the exposed mount 
ing-Side ends of the connecting members. 

0069. Also, the connecting members may be one of wires 
and protruded electrodes. When the connecting members are 
wires, the Step a) further includes the Steps of: 

0070 e) first bonding the wires on the intermediate 
metal layer, and 

0071 f) second bonding the wires on the semicon 
ductor chip by extending the wires. 

0072 Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0073 FIGS. 1A to 1C are diagrams showing an example 
of a Semiconductor device of the related art. 

0074 FIG. 2 is a diagram showing another example of a 
Semiconductor device of the related art. 

0075 FIG. 3 is a diagram showing still another example 
of a Semiconductor device of the related art. 

0076 FIG. 4 is a cross-sectional diagram showing a 
Semiconductor device of a first embodiment of the present 
invention. 

0077 FIG. 5 is a cross-sectional diagram showing a 
Semiconductor device of a Second embodiment of the 
present invention. 
0078 FIG. 6A is a diagram showing a metal layer having 
a single-layered Structure. 
007.9 FIG. 6B is a diagram showing a metal layer having 
a double-layered Structure. 
0080 FIG. 6C is a diagram showing a metal layer having 
a triple-layered Structure. 
0081 FIG. 6D is a diagram showing a metal layer having 
a quadruple-layered Structure. 
0082 FIGS. 7A to 7H are diagrams showing a method of 
manufacturing a lead frame. 
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0.083 FIG. 8 is a cross-sectional diagram showing the 
first embodiment of the method of manufacturing a Semi 
conductor device, particularly a dissolving process. 
0084 FIG. 9 is a cross-sectional diagram showing the 

first embodiment of the method of manufacturing a Semi 
conductor device, particularly a Stud bump forming process. 
0085 FIG. 10 is a cross-sectional diagram showing a 
Semiconductor device of a third embodiment of the present 
invention. 

0.086 FIG. 11 is a cross-sectional diagram showing a 
Semiconductor device of a fourth embodiment of the present 
invention. 

0.087 FIG. 12 is a cross-sectional diagram showing a 
semiconductor device of a fifth embodiment of the present 
invention. 

0088 FIG. 13 is a cross-sectional diagram showing a 
Semiconductor device of a Sixth embodiment of the present 
invention. 

0089 FIG. 14 is a plan view showing a second embodi 
ment of a method of manufacturing a Semiconductor device, 
particularly a chip mounting process. 
0090 FIG. 15 is a cross-sectional diagram showing the 
Second embodiment of the method of manufacturing a 
Semiconductor device, particularly a chip mounting process. 
0.091 FIG. 16 is a cross-sectional diagram showing the 
Second embodiment of the method of manufacturing a 
Semiconductor device, particularly a dissolving process. 
0092 FIG. 17 is a cross-sectional diagram showing a 
semiconductor device of a seventh embodiment of the 
present invention. 
0.093 FIG. 18 is a cross-sectional diagram showing a 
Semiconductor device of an eighth embodiment of the 
present invention. 
0094 FIG. 19 is a cross-sectional diagram showing a 
Semiconductor device of a ninth embodiment the present 
invention. 

0.095 FIGS. 20A and 20B are diagrams showing mount 
ing Structures of first and Second embodiments of the present 
invention, respectively. 
0096 FIGS. 21A and 21B are diagrams showing mount 
ing Structures of third and fourth embodiments of the present 
invention, respectively. 
0097 FIGS. 22A and 22B are diagrams showing mount 
ing States of the Semiconductor devices. 
0.098 FIG. 23 is a cross-sectional diagram showing a 
Semiconductor device module of a first embodiment con 
Structed by utilizing the Structure of the Semiconductor 
device of the first embodiment shown in FIG. 4. 

0099 FIG. 24 is a cross-sectional diagram showing a 
Semiconductor device module of a Second embodiment 
constructed by utilizing the Structure of the Semiconductor 
device of the second embodiment shown in FIG. 5. 

0100 FIG. 25 is a cross-sectional diagram showing a 
Semiconductor device module of a third embodiment con 
Structed by utilizing the Structure of the Semiconductor 
device of the sixth embodiment shown in FIG. 13. 
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0101 FIG. 26 is an enlarged view of a stud bump of the 
semiconductor device of the sixth embodiment. 

0102 FIG. 27 is a cross-sectional diagram showing a 
tenth embodiment of a Semiconductor device according to 
the present invention. 
0.103 FIG. 28 is a plan view showing a variant of the 
tenth embodiment of the Semiconductor device according to 
the present invention. 
0104 FIG. 29 is an enlarged view of a stud bump of the 
semiconductor device shown in FIG. 28. 

0105 FIG. 30 is a cross-sectional diagram showing a 
third embodiment of a method of manufacturing a Semicon 
ductor device, particularly a Sealing process. 
0106 FIG. 31 is cross sectional a diagram showing a 
variant of the third embodiment of the method of manufac 
turing a Semiconductor device. 
0107 FIG. 32 is a cross-sectional diagram showing a 
fourth embodiment of a method of manufacturing a Semi 
conductor device, particularly a Sealing process. 
0.108 FIG. 33 is a cross-sectional diagram showing a 
variant of the fourth embodiment of the method of manu 
facturing a Semiconductor device. 
0109 FIG. 34 is a plan view showing a variant of the 
fourth embodiment of the method of manufacturing a Semi 
conductor device. 

0110 FIG. 35 is a cross-sectional diagram showing a 
fifth embodiment of a method of manufacturing a Semicon 
ductor device, particularly a Sealing process. 
0111 FIG. 36 is a cross-sectional diagram showing a 
variant of the fifth embodiment of the method of manufac 
turing a Semiconductor device. 
0112 FIG.37 is a plan view showing a variant of the fifth 
embodiment of the method of manufacturing a Semiconduc 
tor device. 

0113 FIGS. 38 and 39 are cross-sectional diagrams 
showing a variant of the fifth embodiment of the method of 
manufacturing a Semiconductor device. 
0114 FIG. 40 is a cross-sectional diagram showing an 
eleventh embodiment of a Semiconductor device according 
to the present invention. 
0115 FIG. 41 is a cross-sectional diagram showing a 
twelfth embodiment of a Semiconductor device according to 
the present invention. 
0116 FIG. 42 is a cross-sectional diagram showing a 
Sixth embodiment of a method of manufacturing a Semicon 
ductor device, particularly a Sealing process. 
0117 FIG. 43 is a cross-sectional diagram showing a 
fourth embodiment of a semiconductor device module 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0118. In the following, principles and embodiments of 
the present invention will be described with reference to the 
accompanying drawings. 
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0119 FIG. 4 is a cross-sectional diagram showing a 
Semiconductor device 10A according to a first embodiment 
of the present invention. The semiconductor device 10A has 
an extremely simple Structure including a Semiconductor 
chip 11, a resin package 12, metal layerS 13, a Semiconduc 
tor chip mounting board 14 and stud bumps 17. 
0120) The semiconductor chip 11 is provided with a 
plurality of electrode pads formed thereon and has a struc 
ture Such that the Semiconductor chip 11 is mounted on a 
chip fixing resin 15 provided on the Semiconductor chip 
mounting board 14. Also, the resin package 12 is formed by, 
for example, molding (or potting) an epoxy resin. 
0121 The metal layers 13 are formed on a mounting-side 
Surface 16 of the Semiconductor chip mounting board 14 So 
as to be exposed. This Semiconductor chip mounting board 
14 may be provided as a multilayer printed wiring board 
Such as a glass-epoxy board, a tape board or a ceramic board. 
It is also possible to use a lead frame as the Semiconductor 
chip mounting board 14 and to use a Single-layer Structured 
board having through holes. 
0122). On an upper surface of the semiconductor chip 
mounting board 14, there are provided the Semiconductor 
chip 11 and the resin package 12 for Sealing the Semicon 
ductor chip 11. Also, wires 18 are provided So as to connect 
electrodes on the Semiconductor chip 11 and bonding pads 
(not shown) provided on the upper Surface of the Semicon 
ductor chip mounting board 14. 
0123. On the mounting-side surface 16, which is a lower 
Surface of the Semiconductor chip mounting board 14, the 
metal layers 13 are provided as has been described. The 
metal layers 13 are connected to the above-described bond 
ing pads via internal interconnections formed inside the 
Semiconductor chip mounting board 14. Also, the metal 
layers 13 have a flat shape since the metal layers 13 are 
provided on the mounting-Side Surface 16 of the Semicon 
ductor chip mounting board 14. 
0.124. The stud bumps 17 are provided on the metal layers 
13. These stud bumps 17 project downwards from the metal 
layers 13 as shown in the Figure. Thereby, it is possible to 
use these Stud bumps 17 as external connection terminals. 
Also, by electrically connecting the stud bumps 17 to the 
metal layers 13, the stud bumps 17 will also be electrically 
connected to the Semiconductor chip 11 via internal inter 
connections within the Semiconductor chip mounting board 
14, the bonding pads, the wires 18 and the electrode pads. 
That is to Say, the metal layerS 13, the Semiconductor chip 
mounting board 14 and the wires 18 serve as interposers 
(connecting members) electrically connecting the Semicon 
ductor chip 11 and the stud bumps 17. 
0.125 AS has been described, it is difficult to achieve a 
fine-pitched structure with pitches less than 0.5 mm with the 
semiconductor device of the BGA structure shown in FIG. 
2 and with the semiconductor device 110 of the BCC 
structure shown in FIG. 3. However, with the semiconduc 
tor 10A having the above-described structure, the external 
connection terminals can be fine-pitched since the external 
connection terminals are formed by the stud bumps 17. 
0.126 The stud bumps 17 are formed by bonding wires 
having diameters of 20-30 um, which makes it possible to 
form fine external connection terminals and thereby achieve 
a pitch less than 0.5 mm. Accordingly, by using the Stud 
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bumps 17 as the external connection terminals, it is possible 
to achieve a finer pitch of the external connection terminals 
compared to the Semiconductor devices of the BGA struc 
ture and of the BCC structure. Thereby, the semiconductor 
device 10A may be miniaturized while achieving a higher 
density and multi-pin Structure of the Semiconductor chip 
11. 

0127. As described above, the semiconductor device 110 
of the BCC structure shown in FIG. 3 is a semiconductor 
device having reduced size and thickness. The Semiconduc 
tor device 10A of the present embodiment is not provided 
with the resin protrusions 117 shown in FIG. 3 with the 
semiconductor device 110 of the BCC structure. Therefore, 
with the semiconductor device 10A of the present embodi 
ment, it is possible to achieve a low-back Structure reduced 
in height by a height of the resin protrusions 117 compared 
to the semiconductor device 110 of the BCC structure. 

0128. Also, the stud bumps 17 are formed by wire 
bonding equipment. Therefore, when using wires 18 as 
connecting members as in the present embodiment, the Stud 
bumps 17 may be formed by the same equipment as the 
equipment used in the connecting process of the wires 18. 
Accordingly, no Separate equipment is needed for forming 
the stud bumps 17, so that it is possible to reduce the 
equipment cost as well as the product cost. 
0129. A method of manufacturing the semiconductor 
device 10A of the above-described structure may be imple 
mented using a method of manufacturing the Semiconductor 
device of the above-described BGA structure (see FIG. 2). 
First, the Semiconductor chip 11 is mounted on the upper 
Surface of the Semiconductor chip mounting board 14. Next, 
the wires 18 are provided between the electrode pads of the 
Semiconductor chip 11 and the bonding pads of the Semi 
conductor chip mounting board 14 using the wire-bonding 
equipment. Subsequently, the resin package 12 is formed by 
molding. 

0.130 For a typical semiconductor device of the BGA 
Structure, the above processes are followed by a process of 
providing Solder balls on the mounting-Side Surface 16 of the 
Semiconductor chip mounting board 14. However, when 
manufacturing the Semiconductor device 10A according to 
the present embodiment, the above processes are followed 
by the above-described process of providing solder balls and 
also a process of forming the Stud bumps 17 using the 
wire-bonding equipment (Stud-bump forming process). 
0131 Thus, the method of manufacturing the semicon 
ductor device 10A can be implemented using the method of 
manufacturing the Semiconductor device of the BGA struc 
ture. Also, the Stud-bump forming proceSS may be imple 
mented using the wire-bonding equipment used for provid 
ing the wires 18. Thus, as has been described, it is possible 
to reduce the equipment cost as well as the product cost. 
0132) Now, a TAB (Tape Automated Bonding) technique 
will be considered. In TAB technique, a Semiconductor chip 
of a bare-chip type, that is to Say, not resin Sealed, is flip-chip 
mounted on a board (film board). The semiconductor chip 
has protruded electrodes (bumps) formed on its mounting 
Surface, and electrical connection is established by pressing 
these protruded electrodes on the pads formed on the board. 
0.133 With this mounting structure, when the semicon 
ductor device having higher density and more protrusion 
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electrodes is provided, a pressing force exerted on the 
Semiconductor chip has to be increased So as to properly 
mount individual protruded electrodes on the pads. How 
ever, when implementing a method Such as flip-chip mount 
ing where a Semiconductor chip of a bare-chip type is 
directly pressed against the board, the board may be 
deformed by uneven protrusion electrodes and the Semicon 
ductor chip itself may crack when the pressing force is 
increased. Therefore, there is a problem that a greater 
pressing force cannot be applied to the Semiconductor chip. 
0134. In contrast, with the semiconductor device 10A of 
the present embodiment, the Semiconductor chip 11 is Sealed 
by the resin package 12, So that it is possible to mount the 
Semiconductor chip with greater pressure compared to flip 
chip mounting. Accordingly, there is no need for a leveling 
proceSS for leveling the height of the Stud bumps as is 
required in flip-chip mounting. 

0135 Referring to FIGS. 6A to 6D, the metal layers 13 
will be described in detail. The figures are enlarged diagrams 
showing one of the metal layerS 13 and its proximity. 
0.136 AS has been described, the metal layer 13 is pro 
vided with the stud bump 17 and is formed so as to be 
exposed on the mounting-Side Surface 16 of the Semicon 
ductor chip mounting board 14. Since the metal layer 13 is 
formed on the mounting-Side Surface 16, it has a flat shape 
as described above. 

0.137 This metal layer 13 may be formed of a single 
metal layer or has a structure Such that a plurality of metal 
layerS is laminated. FIG. 6A is a diagram showing a metal 
layer 13A formed by a single metal layer and FIGS. 6B to 
6D are diagrams showing metal layers 13B to 13D formed 
by laminating a plurality of metal layers. 

0.138. When selecting materials forming the metal layer 
13 (13A to 13D), the outermost surface of the metal layer 13 
is required to a have good bonding ability Since the Stud 
bump 17 will be provided thereon. When the metal layer 13 
has a multilayered Structure, a good joining ability is 
required between neighboring layers. In order to Satisfy the 
above requirements, the metal layer 13 (13A to 13D) may be 
made of materials described below. 

0.139. With the metal layer 13A of a single-layered struc 
ture shown in FIG. 6A, it is necessary to select a material 
having a good bonding ability and a good Soldering ability. 
Materials Satisfying these requirements may be, for 
example, gold (Au), palladium (Pd) and aluminum (Al). 
Therefore, the metal layer 13A may be formed by one of 
gold (Au), palladium (Pd) and aluminum (Al). 
0140. In order to satisfy the requirements, the metal layer 
13B of a double-layered structure as shown in FIG. 6B may 
be provided as a combination of, for example, an outer layer 
13B-1 made of palladium (Pd) and an inner layer 13B-2 
made of nickel (Ni). 
0.141. The metal layer 13C of a triple-layered structure as 
shown in FIG. 6C may be provided as a combination of an 
outer layer 13C-1 made of palladium (Pd), an intermediate 
layer 13C-2 made of nickel (Ni) and an inner layer 13C-3 
made of palladium (Pd). Alternatively, the metal layer 13C 
may be provided as a combination of an outer layer 13C-1 
made of gold (Au), an intermediate layer 13C-2 made of 
nickel (Ni) and an inner layer 13C-3 made of palladium 

Aug. 8, 2002 

(Pd). By providing the metal layer 13C with one of the 
above-described combinations, the above requirements may 
be satisfied while improving the joining ability of the outer 
layer 13C-1 and the inner layer 13C-3 by the intermediate 
layer 13C-2. 
0142. With the metal layer 13D of a quadruple-layered 
structure as shown in FIG. 6D, the metal layer 13D may be 
provided as a combination of an outer layer 13D-1 made of 
palladium (Pd), a first intermediate layer 13D-2 made of 
nickel (Ni), a second intermediate layer 13D-3 made of 
palladium (Pd) and an inner layer 13D-4 made of gold (Au). 
By providing the metal layer 13C with the above-described 
combination, the above requirements may be Satisfied while 
improving the joining ability of the outer layer 13D-1, the 
first intermediate layer 13D-2, the second intermediate layer 
13D-3 and the inner layer 13D-4. 
0143. In the following, a semiconductor device of a 
second embodiment of the present invention will be 
described. 

014.4 FIG. 5 is a cross-sectional diagram showing a 
semiconductor device 10B of the second embodiment of the 
present invention. In FIG. 5, the same elements as those of 
the structure of the semiconductor device 10A of the first 
embodiment shown in FIG. 4 are shown with the same 
reference numbers and further description is omitted. 
0145 The semiconductor device 10A of the first embodi 
ment is provided with the Semiconductor chip mounting 
board 14 and has a structure such that the stud bumps 17 are 
provided on the metal layers 13 formed on the semiconduc 
tor chip mounting board 14. 
0146) On the contrary, the semiconductor device 10B of 
the present embodiment is not provided with the Semicon 
ductor chip mounting board 14 as in the Semiconductor 
device 10A of the first embodiment. Therefore, the semi 
conductor device 10B is characterized in that the metal 
layerS 13 are directly provided on the resin package 12. In 
other words, in the present embodiment, the metal layers 13 
are formed in the mounting-Side Surface 16 of the resin 
package 12 in an exposed manner, and the Stud bumpS 17 
Serving as external connection terminals are provided on the 
metal layers 13. 
0147 The semiconductor device 10B of the present 
embodiment has a Similar Structure to that of the Semicon 
ductor device 110 of the BCC structure described with 
reference to FIG. 3. However, the semiconductor device 
10B of the present embodiment differs in that it includes the 
Stud bumps 17, Serving as external connection terminals, 
provided on the mounting side of the metal layers 13 directly 
formed in the mounting-Side Surface 16 of the resin package 
12 in an exposed manner. 
0.148. Since no protrusions such as those resin protrusions 
117 in FIG.3 are formed, the semiconductor device 10B of 
the present embodiment can achieve a reduction in the size 
of the external connection terminals (stud bumps 17) com 
pared to the semiconductor device 110 of the related art 
shown in FIG. 3. Therefore, external connection terminals 
may be of a fine-pitched Structure. Also, the Semiconductor 
device 10B may have a low-back structure compared to the 
semiconductor device 110 with regards to the height of the 
resin protrusion 117. Further, the semiconductor device 10B 
may have a low-back Structure compared to the Semicon 
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ductor device 10A of the first embodiment with regards to 
the height of the Semiconductor chip mounting board 14. 

0149. With the semiconductor device 110 having a struc 
ture shown in FIG. 3, a bonding area of the wires 118 will 
be Smaller Since the metal layer 113 has a recessed shape. In 
order to give a Secure wire connection, the Stud bump 119 is 
formed on an inner side of the metal layer 113 which usually 
has a recessed shape, and then the wire 118 is joined to the 
stud bump 119. However, since a forming process for the 
stud bumps 119 is required with this structure, the manu 
facturing processes of the Semiconductor device 110 become 
more complicated. 

0150. On the contrary, the semiconductor device 10B of 
the present embodiment differs from the semiconductor 
device 110 shown in FIG. 3 in that the metal layer 13 does 
not have a recessed shape, So that wire bonding on the metal 
layer 13 can be implemented without using a Stud bump. 
Therefore, it is possible to simplify the structure of the 
Semiconductor device 10B and the manufacturing processes 
thereof. 

0151. Now, a manufacturing method of the semiconduc 
tor device 10B of the second embodiment will be described. 

0152 The semiconductor device 10B is manufactured 
using a lead frame 20 shown in FIGS. 7G and 7H. This lead 
frame 20 has an extremely simple structure Such that the 
metal layerS 13 are provided on the upper Surface of a 
conductive metal base material 21 at locations correspond 
ing to locations where the Stud bumps 17 will be provided. 
Also, the lead frame 20 is constructed such that a plurality 
of semiconductor devices 10B can be formed simulta 
neously (i.e., multiple forming). Thereby, a plurality of Sets 
of metal layers 13 is also formed on the conductive metal 
base material 21. 

0153. Referring to FIGS. 7A-7H, a manufacturing pro 
cess of the lead frame 20 will be described, which manu 
facturing process is one of the manufacturing processes of 
the semiconductor device 10B. 

0154) In order to manufacture the lead frame 20, the 
conductive metal base material 21 is prepared as shown in 
FIG. 7A. The metal base material 21 is provided as a flat 
board and may be made of copper alloy. Then, a first resist 
19, which will serve as an etching resist, is coated on both 
sides of this metal base material 21. The first resist 19 may 
be a photosensitive resin and can be coated with a prede 
termined thickness using a spinner (first-resist forming pro 
ceSS). 
O155 The first resist 19 is subject to exposure using a 
mask not shown in the Figures. Then the exposed first resist 
19 is processed so as to remove portions (removed portions 
are indicated by 19a) corresponding to the locations of the 
through holes 22 of the first resist 19, thereby forming a 
predetermined resist pattern shown in FIG. 7B (first-resist 
pattern forming process). 

0156 After completion of the first-resist pattern-forming 
process, etching is performed on the metal base material 21 
whereon the first resist 19 is formed. The metal base material 
21 is etched at locations where the removed portions 19a of 
the first resist 19 are formed. Thus, the through holes 22 are 
formed as shown in FIG. 7C (etching process). When the 
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metal base material 21 is made of copper alloy, ferric 
chloride may be used as an etchant. 
O157. After the etching process, the first resist 19 is 
removed from the metal base material 21 (first-resist remov 
ing process). As shown in FIG. 7D, the metal base material 
21 is provided with the through holes 22. 
0158. After the first-resist removing process, a second 
resist 23, which will Serve as a plating resist, is provided on 
both sides of the metal base material 21 having the through 
holes 22 (Second-resist forming process). In the present 
embodiment, a dry film made of photoSensitive resin is used 
as the Second resist 23. 

0159. That is, when using a liquid resist, it is difficult to 
implement an appropriate resist forming because the resist 
will flow into the through holes 22. Whereas with the dry 
film, resist will not enter the through holes 22 even when 
provided on the metal base material 21 with the through 
holes 22. 

0160 Subsequently, the second resist 23 is exposed using 
a mask not shown in the Figures. Then the exposed Second 
resist 23 is processed so as to remove portions (removed 
portions are referred to as mask holes 23a) corresponding to 
the locations of the metal layers 13, thereby forming a 
predetermined resist pattern shown in FIG. 7E (second 
resist pattern-forming process). 
0.161. After the Second-resist pattern-forming process, 
the metal layerS 13 are formed using the Second resist 23 as 
a mask (metal-layer forming process). The metal layerS 13 
are formed in the mask holes 23a by implementing a plating 
method. FIG. 7F shows the metal base material 21 provided 
with the metal layers 13. 

0162 The required thickness of the metal layers 13 can 
be achieved by controlling the length of plating time. In the 
present embodiment, the plating method is used for forming 
the metal layers 13, but it is also possible to use layer 
forming techniques Such as a deposition method and a 
Sputtering method. 

0163. By implementing the above-described metal-layer 
forming process, the metal layerS 13 are formed on the metal 
base material 21. Also, in the Separation process, the metal 
layers 13 provided on the metal base material 21 will be 
removed from the lead frame 20 together with the resin 
package 12. Accordingly, the metal layerS 13 are required to 
have a certain Separation ability from the metal base material 
21. 

0164. Therefore, in order to maintain the above-described 
Separation ability, for example, a conductive paste may be 
provided inside the mask holes 23a prior to forming the 
metal layers 13 in the mask holes 23a. Subsequently, the 
metal layerS 13 may be provided on the conductive paste. 

0.165. After the metal layers 13 have been formed in the 
metal-layer forming process, a Second-resist removing pro 
ceSS is implemented for removing the Second resist 23. Thus, 
the lead frame 20 is formed, which is shown in FIGS. 7G 
and 7H. FIG.7G is a partial cross-sectional view of the lead 
frame and FIG. 7H is a plan view of the lead frame. As 
shown in FIG. 7H, the lead frame 20 is provided with a 
plurality of sets of metal layers 13, each for an individual 
Semiconductor device, So as to enable multiple forming of 
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the semiconductor device 20B. FIG. 7H shows an example 
where twelve Semiconductor devices are formed Simulta 
neously in two rows. 
0166 As described above, the lead frame 20 may be 
manufactured easily and with reduced proceSS StepS using 
conventional thin-film forming techniques, photolithogra 
phy techniques, etching techniques and plating techniques. 
With the lead frame used for manufacturing the semicon 
ductor device 110 shown in FIG. 3, a half-etching process 
is required, during a manufacturing process of the lead 
frame, in order to form recessed parts in the metal base 
material for forming the resin protrusions 117. However, this 
half-etching process is not necessary in the present embodi 
ment. Thus, a manufacturing process of the Semiconductor 
device is simplified compared to the manufacturing proceSS 
of the semiconductor device 110 shown in FIG. 3. 

0167. In the following, a method of manufacturing the 
semiconductor device 10B will be described, which method 
uses the lead frame 20 manufactured by the above-described 
proceSSeS. 

0.168. In order to manufacture the semiconductor device 
20B, the chip fixing resin 15 is coated at the predetermined 
chip mounting location of the lead frame 20 and then the 
Semiconductor chip 11 is mounted on an upper part of the 
chip fixing resin 15. The chip fixing resin 15 has an 
insulating property and also Serves as an adhesive agent. 
Thereby, the semiconductor chip 11 will be mounted on the 
lead frame 20 by an adhesiveness of the chip fixing resin 15. 
0169. Subsequently, the lead frame 20 is mounted on the 
wire-bonding equipment. Then, the wires 18 are provided 
between the electrode pads formed on the Semiconductor 
chip 11 and the metal layers 13 So that the semiconductor 
chip 11 and the metal layerS 13 are electrically connected via 
the wires 18 (chip mounting process). 
0170 After the chip mounting process, the resin package 
12 is formed by Sealing the Semiconductor chip 11 on the 
lead frame 20 (Sealing process). In the present embodiment, 
the resin package 12 is formed by molding, but it is also 
possible to form the resin package by potting. 
0171 After the Sealing process, the resin package 12 is 
separated from the lead frame 20 so as to provide individual 
semiconductor devices 10B (dissolving process). FIG. 8 is 
a diagram showing the dissolving process. In the example 
shown in FIG. 8, the resin package 12 is separated from the 
lead frame 20 by Spraying an etchant So as to dissolve the 
lead frame 20. 

0172 The etchant used in the dissolving process is 
Selected So as to have a property Such that it only dissolves 
the lead frame 20 but not the metal layers 13. Therefore, the 
resin package 12 is Separated from the lead frame 20 when 
the lead frame 20 is completely dissolved. Thus, by employ 
ing a process of dissolving the lead frame 20 in order to 
Separate the resin package 12 from the lead frame 20, a 
Separation process of the resin package 12 from the lead 
frame 20 can be implemented positively and easily. AS a 
result, the yield will be improved. 
0173. After the dissolving process, the stud bumps 17 
which Serve as external terminals are formed on the mount 
ing-side Surface (exposed Surface) of the metal layerS 13 
(stud-bump forming process). 
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0.174. In order to form the stud bump 17, first, a ball 
shaped part is formed by Spark discharging a gold wire 
extending out in a downward direction from the tip of a 
capillary 24 (see FIG. 9). Then, the capillary 24 is vertically 
moved downwards and vibrated at an ultrasound frequency, 
so that the ball-shaped part is welded on the metal layer 13. 
0.175 Subsequently, the capillary 24 is vertically moved 
upwards, So as to cut the gold wire by extending the gold 
wire. By implementing the above-described processes, the 
stud bumps 17 will be formed on the metal layers 13 as 
shown in FIG. 9. Also, if it is necessary to maintain a good 
bonding ability, a chemical treatment Such as an acid treat 
ment may be made on the mounting-Side Surfaces of the 
metal layers 13 before forming the stud bumps 17. 
0176 Thus, the semiconductor device 10B shown in 
FIG. 5 is manufactured. In the manufacturing processes of 
the semiconductor device of the prior art shown in FIG. 1, 
it was necessary to cut the leads and then shape the leads into 
a predetermined shape (e.g., a gull-wing shape). However, 
Such processes are not necessary in the present embodiment 
So that the manufacturing processes of the Semiconductor 
device 10B are simplified compared to the related art. 
0177 Also, in the manufacturing processes of the semi 
conductor device of the prior art shown in FIG. 2, it was 
necessary to provide the Solder balls 6 on the Semiconductor 
chip mounting board 7 with high accuracy. However, 
because it is not necessary to implement Such an accurate 
positioning in the present embodiment, the manufacturing 
processes are facilitated. In the manufacturing processes of 
the semiconductor device of the prior art shown in FIG. 3, 
it was necessary to implement a process for forming the 
resin protrusions 117 as described above. However, because 
Such a resin-protrusion forming process is not necessary in 
the present embodiment, the manufacturing processes of the 
Semiconductor device are simplified. 
0.178 In the following, a semiconductor device of a third 
embodiment of the present invention will be described. 
0179 FIG. 10 is a cross-sectional diagram showing a 
semiconductor device 10C of the third embodiment of the 
present invention. In FIG. 10, the same elements as those of 
the structures of the semiconductor devices 10A and 10B of 
the first and second embodiments shown in FIGS. 4 and 5 
are shown with the same reference numbers and further 
description is omitted. This also applies to each of the 
embodiments described below. 

0180. The semiconductor device 10B of the second 
embodiment had a structure Such that the wires 18 which 
Serve as interposers (connecting members) were directly 
joined to the metal layerS 13 on their the mounting-Side 
ends. Whereas the semiconductor device 10C of the present 
embodiment is characterized in that the metal layers 13 are 
provided with internal stud bumps 25 which are embedded 
in the resin package 12. That is to Say, in the present 
embodiment, the metal layers 13 are provided with the stud 
bumps 17 formed thereon on the mounting-side Surface and 
also provided with the internal stud bumps 25 formed 
thereon on the opposite Side of the mounting-side Surface. 
0181. The internal stud bumps 25 are formed on the metal 
layerS 13 using the wire-bonding equipment before provid 
ing the wires 18 in the above-described chip mounting 
process of the manufacturing processes of the Semiconduc 
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tor device 20B. Then, the wires 18 are provided on the 
internal stud bumps 25 (not on the metal layers 13) at their 
mounting-Side ends, So that the Semiconductor device 10C 
shown in FIG. 10 can be manufactured. Also, other manu 
facturing processes are the same as those described above. 

0182. The semiconductor device 10C of the present 
embodiment has a structure Such that the metal layerS 13 are 
provided with the internal stud bumps 25 formed thereon 
and that the internal stud bumps 25 are embedded in the 
resin package 12. Accordingly, the internal Stud bumps 25 
Serve as anchors of the metal layerS 13, So that the metal 
layers 13 are prevented from peeling off from the resin 
package 12. 

0183 In the following, a semiconductor device of a 
fourth embodiment of the present invention will be 
described. 

0184 FIG. 11 is a cross-sectional diagram showing a 
semiconductor device 10D of the fourth embodiment of the 
present invention. The semiconductor device 10A of the first 
embodiment uses the wires 18 as interposers (connecting 
members). However, the semiconductor device 10D of the 
present embodiment is characterized in that protruded elec 
trodes 26 (e.g., Solder bumps) formed on the electrode pads 
of the Semiconductor chip 11 are used as interposers. 

0185. The semiconductor chip 11 provided with the pro 
truded electrodes 26 is directly connected to the metal layer 
13. In order to manufacture this semiconductor device 10D, 
the protruded electrodes 26 are pre-formed on the electrode 
pads on the Semiconductor chip 11, and in the chip mounting 
process, this Semiconductor chip 11 is flip-chip mounted on 
the metal layers 13 formed on the lead frame 20 (see FIGS. 
7G and 7H). Also, other manufacturing processes are iden 
tical to those described above. 

0186. With the semiconductor device 10D of the present 
embodiment, the Semiconductor chip 11 is flip-chip mounted 
on the metal layerS 13 using the protruded electrodes 26, So 
that there is no need for the wires 18 and the space required 
for providing the wires. Thus, the semiconductor device 10D 
can be reduced in its size and thickness. 

0187. In the following, a semiconductor device of a fifth 
embodiment of the present invention will be described. 

0188 FIG. 12 is a cross-sectional diagram showing a 
semiconductor device 10E of the fifth embodiment of the 
present invention. The semiconductor device 10E of the 
present embodiment has a structure Similar to that of the 
semiconductor device 10D of the fourth embodiment. In the 
present embodiment, the resin package 12 is polished on the 
Surface (upper Surface in the figure) opposite to the mount 
ing-Side Surface 16, So as to provide a polished Surface 27 
where the upper Surface of the Semiconductor chip 11 is 
exposed. As a result of this polishing process, part of an 
upper Surface of the Semiconductor chip 11 is also polished. 

0189 By polishing the upper surface of the resin package 
as in the present embodiment, it is possible to achieve a 
further low-back structure of the semiconductor device 10E. 
Also, Since a part of the Semiconductor chip 11 is exposed 
at the polishing Surface 27, heat generated at the Semicon 
ductor chip 11 can be dissipated efficiently, So that a heat 
dissipation characteristic is improved. 
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0190. In the following, a semiconductor device of a sixth 
embodiment of the present invention will be described. 
0191 FIG. 13 is a cross-sectional diagram showing a 
semiconductor device 10F of the sixth embodiment of the 
present invention. 
0192 The semiconductor device 10F of the present 
embodiment is characterized in that it has a structure Such 
that the metal layers 13 are removed from the semiconductor 
device 10C of the third embodiment shown in FIG. 10. In 
other words, the stud bumps 17 which serve as external 
connection terminals are directly connected to the internal 
stud bumps 25. 
0193 According to the semiconductor device 10F of the 
present embodiment, Since there are no metal layerS 13 
having greater area than the area of the Stud bumps 17 and 
of the internal stud bumps 25, the stud bumps 17 can be 
provided with a further fine-pitched structure. Thereby, it is 
possible to achieve a higher density of the external connec 
tion terminals. 

0194 Referring to FIGS. 14 to 16, a method of manu 
facturing the semiconductor device 10F of the sixth embodi 
ment will be described. This method may also be referred to 
as a Second embodiment of a method of manufacturing a 
Semiconductor device. The processes common to those of 
the first embodiment of the method of manufacturing the 
semiconductor device 10B described with reference to 
FIGS. 7A to 7H, 8 and 9 are not described in detail here. 

0.195 FIG. 14 is plan view showing the lead frame 20 
after the chip mounting process and FIG. 15 is a cross 
Sectional diagram showing the lead frame 20 after the 
Sealing process. 

0196. As shown in FIG.7H, the lead frame 20 used in the 
first embodiment of the method of manufacturing the Semi 
conductor device 10B has a structure such that it is provided 
with the metal layerS 13 formed at positions corresponding 
to the stud bumps 17. However, the lead frame 20 used for 
forming the semiconductor device 10F does not have such 
structure, but has a structure such that a metal layer 30 
(hereinafter referred to as an intermediate metal layer 30) is 
formed in a ring shape So as to Surround the location where 
the Semiconductor chip 11 is provided. In the present 
embodiment, this intermediate metal layer 30 is made of 
Silver (Ag). 
0197) The intermediate metal layer 30 can be easily 
formed by providing the mask holes 23a in a ring shape So 
as to Surround the location where the Semiconductor chip 11 
is provided, when implementing the Second-resist forming 
process and the Second resist-pattern forming-proceSS 
described with reference to FIG. 7E. 

0198 As described below, the semiconductor device 10F 
may be manufactured from the lead frame 20 whereon the 
intermediate metal layer 30 is formed. First, the semicon 
ductor chip 11 is fixed at the predetermined mounting 
position on the lead frame 20 via the chip fixing resin 15 and 
the internal stud bumps 25 are formed at predetermined 
positions on the intermediate metal layer 30 where the stud 
bumps 17 will be formed. Subsequently, the wires 18 are 
provided between electrode pads 28 formed on the semi 
conductor chip 11 and the internal stud bumps 25 formed on 
the intermediate metal layer 30 using a wire bonder. 
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0199 Since the intermediate metal layer 30 is ring 
shaped, at an instance when the wires 18 are provided as 
shown in FIG. 14, all wires 18 and electrode pads 28 are 
Short-circuited (connected) via the intermediate metal layer 
30. The Sealing process is implemented in this State So that 
the semiconductor chip 11, the wires 18 and the internal stud 
bumps 25 will be embedded in the resin package 12 as 
shown in FIG. 15. 

0200. After the chip mounting process and the sealing 
process shown in FIGS. 14 and 15, the dissolving process 
is implemented. FIG. 16 is a diagram used for describing the 
dissolving process of the present embodiment. The present 
embodiment is characterized in that the intermediate metal 
layer 30 is dissolved as well as the lead frame 20. 

0201 An etchant for dissolving both the lead frame 20 
made of copper alloy and the intermediate metal layer 30 
made of Silver (Ag) may be, for example, an alkaline etchant 
of an ammonium type. When the lead frame 20 and the 
intermediate metal layer 30 are both dissolved, the internal 
stud bumps 25 will be exposed from the resin package 12. 
Also, individual internal stud bumps 25 will be electrically 
isolated. 

0202 After the dissolving process, a stud bump forming 
proceSS is implemented. The Stud bumps 17 Serving as 
external connection terminals are formed on the internal Stud 
bumps 25 exposed from the resin package 12 using the 
wire-bonding equipment. Thus, the Semiconductor device 
10F shown in FIG. 13 is manufactured by implementing a 
Series of manufacturing processes described above. 

0203. In above-described method of manufacturing the 
semiconductor device 10F, the lead frame 20 and the internal 
metal layer 30 are both dissolved so as to expose the 
mounting-side part of the internal Stud bumps 25 (connect 
ing members). Therefore, the Sealing resin used in the 
Sealing process need not have good adhesiveness against the 
intermediate metal layer 30. Accordingly, there is an advan 
tage that there is a wider range of choice of Sealing resin 
compared to the semiconductor devices 10A and 10B shown 
in FIG. 4 and FIG. 5. 

0204 Also, since the intermediate metal layer 30 is 
dissolved in the dissolving process, it is not necessary to 
implement an accurate patterning of the metal layerS 13 
against the stud bumps 17 which was required for the lead 
frame 20 shown in FIG. 7H. 

0205) Further, since the intermediate metal layer 30 will 
be dissolved, the intermediate metal layer 30 has no effect on 
the joining ability of the stud bumps 17. Therefore, the 
intermediate metal layer 30 need not have a multilayered 
Structure formed of a plurality of materials as was required 
for the semiconductor devices 10A and 10B of the first and 
Second embodiments. This results in the reduction of the 
number of processes to be implemented and of the cost. 

0206. In the following, semiconductor devices of seventh 
and eighth embodiments of the present invention will be 
described. 

0207 FIG. 17 shows a semiconductor device 10G of the 
Seventh embodiment of the present invention. The Semicon 
ductor device 10G of the present embodiment is character 
ized in that it has a structure Such that the metal layerS 13 are 
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removed from the semiconductor device 10D of the fourth 
embodiment shown in FIG. 11. 

0208 FIG. 18 shows a semiconductor device 10H of the 
eighth embodiment of the present invention. The Semicon 
ductor device 10H of the present invention is characterized 
in that it has a structure Such that the metal layerS 13 are 
removed from the semiconductor device 10E of the fifth 
embodiment shown in FIG. 12. That is to say, both the 
Seventh and eighth embodiments are characterized in that 
the stud bumps 17 which serve as external connection 
terminals are directly connected to the protruded electrodes 
26 formed on the semiconductor chip 11. 
0209. Also, the semiconductor devices 10G and 10H can 
be manufactured by utilizing the method of manufacturing a 
Semiconductor device using the intermediate metal layer 30 
which method has been described with reference to FIGS. 14 
to 16. 

0210. With the semiconductor devices 10G and 10H 
shown in FIGS. 17 and 18, the semiconductor chip 11 is 
flip-chip mounted on the Stud bumps 17 using the protruded 
electrodes 26, So that there is no need for the wires 18 and 
the Space required for providing the wires is no longer 
required. Thus, the semiconductor devices 10G and 10H can 
be reduced in their sizes and thicknesses. Notably, with the 
Semiconductor device 10H, the resin package 12 is polished 
on the Surface (upper Surface in the figure) opposite to the 
mounting-Side Surface 16, So as to provide the polished 
Surface 27 where the upper Surface of the Semiconductor 
chip 11 is exposed. Thereby, it is possible to achieve a 
further low-back structure of the semiconductor device 10H. 
Also, Since a part of the Semiconductor chip 11 is exposed 
at the polishing Surface 27, heat generated at the Semicon 
ductor chip 11 can be dissipated efficiently, So that a heat 
dissipation characteristic is improved. 

0211. In the following, a semiconductor device of a ninth 
embodiment of the present invention will be described. 

0212 FIG. 19 shows a semiconductor device 10I of the 
ninth embodiment of the present invention. In the Semicon 
ductor device 10F of the sixth embodiment shown in FIG. 
13, the internal stud bumps 25 are provided with stud bumps 
17 which serve as external connection terminals. However, 
the present embodiment is characterized in that it has a 
structure such that the internal stud bumps 25 are provided 
with external plating layerS 31. The external plating layers 
31 can be made of Solder. 

0213 The semiconductor device 10I having the above 
described Structure can be manufactured by implementing 
the dissolving process described with reference to FIG. 16 
and then implementing an external plating layer forming 
process instead of the Stud bump forming process. The 
external plating layerS 31 are formed by, for example, 
implementing Solder plating on the internal Stud bumps 25 
exposed from the resin package 12 due to the dissolving 
proceSS. 

0214. In the present embodiment, the external plating 
layerS 31 which Serve as external connection terminals can 
be formed by plating which is efficient and less time 
consuming. 

0215. In other words, with the semiconductor device 10F 
of the sixth embodiment (see FIG. 13) it was necessary to 
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form the stud bumps 17 on each of the plurality of internal 
Stud bumpS 25 exposed from the resin package 12 using the 
wire-bonding equipment. However, by providing as the 
external connection terminals the external plating layerS 31 
as in the present embodiment, it is possible to provide the 
external plating layers 31 on the internal stud bumps 25 
Simultaneously. Accordingly, the external plating layerS 31 
may be formed efficiently on a plurality of fine internal stud 
bumps 25. 
0216 Referring to FIGS. 20 to 22, the semiconductor 
devices 10A to 10I of the above-described embodiments will 
be described with regards to mounting Structures for mount 
ing onto a mounting board 33. 
0217. Also, in the following description of the mounting 
structures, the semiconductor device 10C of the third 
embodiment and the semiconductor device 10F of the sixth 
embodiment are taken as examples. FIGS. 20A, 21A and 
22A are diagrams showing mounting Structures and a 
mounting state of the semiconductor device 10C and FIGS. 
20B, 21B and 22B are diagrams showing mounting struc 
tures and a mounting State of the Semiconductor device 10F. 
FIGS. 20A and 20B are diagrams showing mounting struc 
tures of first and Second embodiments of the present inven 
tion, respectively. FIGS. 21A and 21B are diagrams show 
ing mounting Structures of third and fourth embodiments of 
the present invention, respectively. Finally, FIGS. 22A and 
22B are diagrams showing mounting States. 
0218. As shown in the Figures, the present embodiment 
is characterized in that an under-fill resin 32 is provided 
between the mounting- side surface 16 and the mounting 
board 33 upon mounting the semiconductor device 10C, 10F 
on the mounting board 33. The under-fill resin 32 is, for 
example, made of thermosetting resin and is provided for 
improving the joining force between the Semiconductor 
device 10C, 10F and the mounting board 33. 
0219. As described above, the semiconductor device 
10C, 10F is provided with the stud bumps 17 Serving as 
external terminals. Thereby, the external terminals will be 
fine pitched and the joining area between the Stud bumps 17 
and the mounting board 33 will also be reduced. In the 
semiconductor device 110 shown in FIG. 3, it was not 
necessary to provide an under-fill resin Since the area of the 
metal layerS 113 were comparatively large and therefore, 
when the semiconductor device 110 was mounted, the 
joining force between the metal layerS 113 and the mounting 
board was Strong. 
0220 However, the semiconductor device 10C, 10F of 
the present invention is provided with the stud bumps 17 
having a fine Structure. Therefore, the joining force between 
the stud bumps 17 and the mounting board 33 is not capable 
of maintaining a Sufficient joining force between the Semi 
conductor device 10C, 10F and the mounting board 33. 
0221) Therefore, as shown in FIGS.22A and 22B, in the 
mounting Structures of the present embodiment, the thermo 
Setting under-fill resin 32 is provided between the Semicon 
ductor device 10C, 10F and the mounting board 33. The 
semiconductor device 10C, 10F and the mounting board 33 
are joined together by the joining force exerted by the 
under-fill resin 32. With Such a structure, it is possible to 
provide the Stud bumps 17 Serving as external connection 
terminals with a high density and to improve a joining ability 
between the semiconductor device 10C, 10F and the mount 
ing board 33. 
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0222 Also, the under-fill resin 32 can be provided by one 
of the two methods described below. With the first method 
as shown in FIGS. 20A and 20B, the under-fill resin 32 is 
provided on the mounting-Side Surface 16 of the Semicon 
ductor device 10C, 10F prior to mounting the semiconductor 
device 10C, 10F on the mounting board 33. Also, with the 
Second method as shown in FIGS. 21A and 21B, the 
under-fill resin 32 is provided on the mounting board 33 
prior to mounting the semiconductor device 10C, 10F on the 
mounting board 33. 

0223 With either method, when the semiconductor 
device 10C, 10F is mounted on the mounting board, the 
under-fill resin 32 will be provided between the semicon 
ductor device 10C, 10F and the mounting board 33. Accord 
ingly, it is possible to improve the joining ability between 
the semiconductor device 10C, 10F and the mounting board 
33. 

0224 FIG. 23 is a diagram showing a semiconductor 
device module 40A constructed by utilizing the structure of 
the semiconductor device 10A of the first embodiment 
shown in FIG. 4. Also, FIG. 24 is a diagram showing a 
semiconductor device module 40B constructed by utilizing 
the structure of the semiconductor device 10B of the second 
embodiment shown in FIG. 5. Finally, FIG. 25 is a diagram 
showing a semiconductor device module 40C constructed by 
utilizing the structure of the semiconductor device 10F of 
the sixth embodiment shown in FIG. 13. 

0225. By utilizing the structures of the semiconductor 
devices of the present invention in constructing the semi 
conductor device modules 40A to 40C, the same effects as 
those achieved with the semiconductor devices 10A to 10I 
can be realized with the semiconductor device modules 40A 
to 40C. Such effects may be the reduction in sizes and 
thicknesses of the semiconductor device modules 40A to 
40C, fine-pitched external connection terminals and Simpli 
fication of the manufacturing processes. 

0226 Now, referring to FIGS. 13, 16 and 26, the joining 
state of the wires 18, the stud bumps 17 and the internal stud 
bumps 25 of the semiconductor device 10F of the sixth 
embodiment will be described in detail. FIG. 26 is an 
enlarged diagram of the Stud bump 17 and the internal Stud 
bump 25 of the semiconductor device of the sixth embodi 
ment. 

0227 Referring again to FIGS. 14 to 16, manufacturing 
processes of the semiconductor device 10F of the sixth 
embodiment will be described. In the chip mounting pro 
ceSS, the Semiconductor chip 11 is mounted on the lead 
frame 20 provided with the intermediate metal layer 30. 
Also, the internal stud bumps 25 are formed on the inter 
mediate metal layer 30 at a predetermined position where 
the stud bumps 17 will be formed at. Then, using a wire 
bonder, the wires 18 are provided between the electrode pads 
28 provided on the semiconductor chip 11 and the internal 
stud bumps 25 provided on the intermediate metal layer 30. 
0228. When providing the wires 18, with the semicon 
ductor device 10F of the sixth embodiment, a normal 
bonding method is implemented. In the normal bonding 
method, first, the wires 18 are bonded on the electrode pads 
28 of the semiconductor chip 11 (first bonding), and then the 
wires 18 are extended and bonded on the internal stud bumps 
25 (second bonding). 
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0229. After providing the wires 18, the resin package 12 
is formed in the Sealing process and the lead frame 20 is 
removed in the dissolving process. Then, the Stud-bump 
forming proceSS is performed So that the Stud bumpS 17 
which Serve as external connection terminals will be formed 
on the internal stud bumps 25 exposed from the resin 
package 12. 
0230. In order to form the stud bump 17, as has been 
described with reference to FIG. 9, first, a ball-shaped part 
is formed by Spark discharging a gold wire extending out in 
a downward direction from the tip of a capillary 24. Then, 
the capillary 24 is vertically moved downwards and vibrated 
at an ultrasound frequency, So that the ball-shaped part is 
welded on the internal stud bumps 25. Subsequently, the 
capillary 24 is moved vertically upwards, So as to pull and 
cut the gold wire. Thus, the stud bump 17 can be formed on 
the internal stud bump 25. FIG. 26 is an enlarged diagram 
showing the vicinity of the thus formed stud bump 17. 
0231. In an experiment carried out by the inventor, it is 
found that, although very rare, the internal stud bumps 25 
may fall off from the resin package 12 while forming the 
stud bumps 17 using the method described above. This will 
be described below. 

0232. In order to hold the internal stud bumps 25 on the 
resin package 12, two forces may be considered. One is a 
joining force (F1) between the internal stud bumps 25 and 
the resin package 12 and the other is a joining force (F2) 
between the internal stud bumps 25 and the wires 18. Also, 
the force causing the internal stud bumps 25 to fall off from 
the resin package 12 is a pulling force (F3) applied to cut the 
gold wire. Therefore, it is understood that the internal stud 
bumps 25 will fall off from the resin package 12 in a case 
where F3>F1+F2. Accordingly, in order to prevent the 
internal Stud bumps 25 from falling off the resin package 12, 
it is necessary to increase the joining force F1 and the 
joining force F2. 
0233. However, when the wires 18 are second bonded on 
the internal stud bumps 25, the second bonding will be 
implemented by Stitch bonding. Therefore, the joining force 
(F2) between the internal stud bumps 25 and the wires 18 
will be smaller compared to that of the first bonding side. 
Also, the Volume of a bonding part is Smaller on the Second 
bonding side, So that the joining force (F1) between the 
internal Stud bumpS 25 and the resin package 12 is also 
Smaller. From the above reasons, it is considered that the 
internal Stud bumps 25 may fall off from the resin package 
12 upon forming the stud bumps 17. 
0234. In the following, a semiconductor device of a tenth 
embodiment of the present invention will be described. 
0235 FIG. 27 is a diagram showing a semiconductor 
device 10J of the tenth embodiment being mounted on the 
mounting board provided with the under-fill resin 32. The 
semiconductor device 10J of the present embodiment is 
constructed such that the first bonding parts 35 are prevented 
from falling off from the resin package 12 upon forming the 
stud bumps 17. 
0236. The semiconductor device 10J of the present 
embodiment is characterized in that the wires 34 extend 
from the stud bumps 17 and terminate at electrode stud 
bumps 37 provided on the electrode pads 28. There fore, 
with the structure of the present embodiment, each of the 
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wires 34 has a first bonding end (first bonding part 35) which 
is a mounting-Side end to be joined to the Stud bump 17 and 
a second bonding end (Second bonding part 36) which will 
be joined to the electrode stud bump 37. 
0237) The electrode stud bumps 37 are formed on the 
electrode pads 28 because the Second bonding which may be 
Stitch bonding cannot be directly implemented on the elec 
trode pad 28 of the semiconductor chip 11. 
0238. In order to manufacture the semiconductor device 
10J of the above structure, first, in the chip mounting 
process, the first bonding parts 35 are formed by first 
bonding the wires 34 on the intermediate metal layer 30 
formed on the lead frame 20. Then, the second bonding parts 
36 are formed by extending the wires 34 towards the 
electrode stud bumps 37 formed on the semiconductor chip 
11 and then second bonding the wires 34 on the electrode 
stud bumps 37. In the following text, this bonding method 
will be referred to as a reverse bonding method. Also, 
processes other than the chip mounting process (sealing 
process, dissolving process, Stud-bump forming process and 
external plating layer forming process) are the same as those 
of the above-described embodiments. 

0239. By utilizing the above-described manufacturing 
method, the first bonding part 35 whereto the stud bumps 17 
are joined is formed by nail head bonding and the Second 
bonding part 36 joined to the Semiconductor chip 11 is 
formed by Stitch bonding. 
0240 The nail head bonding gives a bonding part having 
a greater Volume compared to the volume provided by Stitch 
bonding. Therefore, by using the reverse bonding method in 
the chip mounting process, the joining force (F1) between 
the first bonding part 35 (mounting-side end) and the resin 
package 12 will be increased. 
0241 Now, the joining force (F2) between the first bond 
ing part 35 and the wire 34 will be considered. It is noted that 
the first bonding part 35 formed by nail head bonding is 
provided with the wire 34 connected thereto in an integrated 
manner. Thus, compared to a structure where the wires 18 
are Stitch bonded on the internal Stud bumps 25, the joining 
force (F2) between the first bonding parts 35 and the wires 
34 is greater. 
0242. As described above, according to the structure of 
the present embodiment, the joining force (F1) between the 
first bonding parts 35 (mounting-side end) and the resin 
package 12 and the joining force (F2) between the first 
bonding parts 35 and the wires 34 are both greater than those 
of the structure shown in FIG. 26. 

0243 Therefore, even if the gold wire is pulled after the 
Stud bumps 17 are formed in the Stud bump forming process, 
the first bonding parts 35 are prevented from falling off from 
the resin package 12 Since the first bonding parts 35 are 
Securely held in the resin package 12. Thereby, a manufac 
turing yield of the Semiconductor device may be improved. 
0244. Also, wire loops formed by reverse bonding have 
a lower height than those formed by normal bonding. 
Accordingly, the Semiconductor 10J may be reduced in 
thickness since the height of the wires 34 is reduced. 
0245 When the external plating layers 31 are utilized as 
in the ninth embodiment described with reference to FIG. 
19, there will be no problem related to falling off of the 
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internal stud bumps 25. However, the present embodiment 
may be applied to the Semiconductor using the external 
plating layerS 31 as external connection terminals So as to 
achieve further reduction of the thickness of the semicon 
ductor device. 

0246 Also, the wires 34 and the stud bumps 17 used in 
the present embodiment can be made of metal Such as gold 
(Au), palladium (Pd) and solder. 
0247 Referring to FIG. 28, a first variant of the semi 
conductor device 10J of the above-described tenth embodi 
ment will be described. The first variant is characterized in 
that the first bonding parts 35 are bonded on the intermediate 
metal layer 30 at two alternating positions from the Second 
bonding parts 36. 

0248. In the above-described structure formed by reverse 
bonding, the Volume of the bonding part is greater, So that 
an area S2 whereon the stud bump 17 is to be joined 
becomes greater as shown in FIG. 29. When such first 
bonding parts 35 having greater areas S2 are positioned in a 
Straight line, it is not possible to form the first bonding parts 
35 with a narrow pitch (i.e., high density). Also, when 
forming the first bonding part 35, a certain Space is required 
for the capillary. With regard to the Space for the capillary, 
a high-density Structure cannot be achieved when the first 
bonding parts 35 are positioned in a Straight line. 
0249 However, by providing the first bonding parts 35 
with two alternating positions as in the present variant, the 
pitches between neighboring first bonding parts 35 can be 
reduced. This may result in a structure Such that the first 
bonding parts 35 are provided with high density. Thus, it is 
possible to achieve a Semiconductor device with a reduced 
Size and an increased number of terminals. Also, even with 
Such a high-density Structure, when forming a first bonding 
part 35, it is prevented that the capillary interferes with 
another first bonding part 35 already formed. 
0250 FIG.29 is also a diagram showing a second variant 
of the semiconductor device 10J of the tenth embodiment. 
The present embodiment is characterized in that the area S2 
of the first bonding part exposed from the resin package 12 
is provided So as to be greater than a joining area S1 of the 
stud bump 17. 
0251 With the present embodiment, it is possible to join 
the stud bumps 17 on the first bonding parts 35 even when 
the positions of the stud bumps 17 are slightly varied. 
0252) Therefore, when automatically forming the stud 
bumpS 17 using the wire-bonding equipment, the Stud 
bumpS 17 can be Securely joined on the first bonding parts 
35 since slight errors of bonding positions do not affect the 
joining of the stud bumps 17 and the first bonding parts 35. 
Thereby, it is possible to achieve an improvement of the 
reliability by preventing bad connections between the first 
bonding parts 35 and the stud bumps 17. Also, it is also 
possible to achieve a higher efficiency in forming the Stud 
bumps 17. 

0253) Referring to FIG. 30, a third embodiment of the 
method of manufacturing a Semiconductor device will be 
described. The processes common to those of the first 
embodiment of the method of manufacturing the Semicon 
ductor device 10B described with reference to FIGS. 7A to 
7H, 8 and 9 are not described in detail. This also applies to 
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each of the embodiments of the method of manufacturing 
the semiconductor device described below. 

0254 FIG. 30 is cross-sectional diagram showing a lead 
frame 38A after the Sealing process. AS shown in the Figure, 
the present embodiment is characterized in that the lead 
frame 38A is provided with a recess 41A (hereinafter 
referred to as a cavity) formed at a position corresponding to 
a position where the resin package 12 is formed. 
0255 The cavity 41A is formed by, for example, in 
manufacturing processes of the lead frame, implementing 
half etching on the metal base material 21 (see FIG. 7A). 
Also, in the present embodiment, an intermediate metal 
layer 39A is provided on an entire surface of the cavity 41A. 
0256 Using the lead frame 38A whereon the cavity 41A 
is formed at the position where the resin package 12 is 
formed, the yield of manufacturing the Semiconductor 
device may be improved. This will be described in the 
following. 

0257 With the methods of manufacturing a semiconduc 
tor device of the first and second embodiments, the lead 
frame 20 in the shape of a flatboard without a cavity is used. 
In the Sealing process, the resin package 12 is provided on 
the lead frame 20 having the shape of a flat board. The lead 
frame 20 is made of copper or copper alloy, and there is 
provided the intermediate metal layer 30 (e.g., Silver (Ag)) 
on the Surface of the lead frame 20. 

0258 When the lead frame 20 has a substantially flat 
shape, the resin package 12 may peel off from the lead frame 
20 together with the intermediate metal layer 30, in a case 
where the intermediate metal layer 30 is made of a material 
with bad adhesiveness against the lead frame 20 (e.g., Silver 
(Ag)). Then, maintenance is necessary for returning the resin 
package 12 onto the lead frame 20, or the peeled resin 
package 12 will be discarded. Thereby, the yield of manu 
facturing the Semiconductor device will be reduced. 
0259 On the contrary, as in the present embodiment, the 
lead frame 38A is provided with the cavity 41A at the 
position where the resin package 12 is formed. Therefore, 
the resin package 12 is formed Such that a part of the resin 
package 12 will be embedded in the cavity 41A of the lead 
frame 38A as shown in FIG. 30. 

0260 Thus, an anchoring effect occurs at a part of the 
resin package 12 embedded in the cavity 41A. This prevents 
the resin package 12 from peeling off from the lead frame 
38A. Accordingly, the above-described maintenance will be 
unnecessary. Also, Since a chance of producing bad quality 
product is reduced, it is possible to achieve an improvement 
in the yield of manufacturing the Semiconductor device. 
0261) Also, in the embodiment shown in FIG. 30, the 
wires 18 are formed by normal bonding. However, the 
present embodiment is not limited to a structure where the 
wires 18 are formed by normal bonding but can be applied 
to a structure where the wires 34 are formed by reverse 
bonding as a variant shown in FIG. 31. 
0262 Referring to FIG. 32, a fourth embodiment of the 
method of manufacturing a Semiconductor device will be 
described. 

0263 FIG. 32 is cross-sectional diagram showing a lead 
frame 38B after the sealing process. As shown in the Figure, 
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as in the third embodiment, the lead frame 38B is provided 
with a recess 41B (hereinafter referred to as a cavity) formed 
at a position corresponding to a position where the resin 
package 12 is formed. Further, the present embodiment is 
characterized in that raised parts 42 are formed in the cavity 
41B. 

0264. The cavity 41B and the raised parts 42 are formed 
by, for example, in manufacturing processes of the lead 
frame, implementing half etching on the metal base material 
21 (see FIG. 7A)with a mask provided at positions corre 
sponding to the recessed parts. Also, in the present embodi 
ment, an intermediate metal layer 39B is provided on an 
entire Surface of the cavity 41A including the raised parts 42. 

0265 With the above-described structure, the joining 
area between the resin package 12 and the lead frame 38B 
increases when the resin package 12 is embedded in the 
cavity 41B of the lead frame 38B. This results in a stronger 
anchoring effect. Accordingly, the resin package 12 is posi 
tively prevented from peeling off from the lead frame 38B, 
So that the yield of manufacturing the Semiconductor device 
is improved. 

0266. Also, when wire bonding the wires 34 in the chip 
mounting process, the raised parts 42 can be used as marks 
for automatic recognition by the wire-bonding equipment. 
Thus, when wire bonding the wires 34, a higher positioning 
accuracy is achieved and it is possible to improve a produc 
ing capacity and a reliability of the Semiconductor device to 
be manufactured. 

0267 Also, in the embodiment shown in FIG. 32, the 
wires 18 are provided by normal bonding. However, the 
present embodiment is not limited to a structure where the 
wires 18 are formed by normal bonding but can be applied 
to a structure where the wires 34 are formed by reverse 
bonding as a variant shown in FIGS. 33 and 34. 

0268 Referring to FIG. 35, a fifth embodiment of the 
method of manufacturing a Semiconductor device will be 
described. 

0269 FIG. 35 is a cross-sectional diagram showing the 
lead frame 38A after the Sealing process. AS shown in the 
Figure, as in the third and fourth embodiments of the method 
of manufacturing a Semiconductor device, the lead frame 
38A is provided with a recess 41A(hereinafter referred to as 
a cavity) formed at a position corresponding to a position 
where the resin package 12 is formed. The cavity 41A is the 
same as that of the third embodiment described with refer 
ence to FIG. 30. 

0270. In the third and fourth embodiments of the method 
of manufacturing a Semiconductor device, the intermediate 
metal layers 39A, 39B are formed on entire surfaces of the 
cavity 41A, 41B. However, in the present embodiment, the 
cavity 41A has an area, at least at the periphery, not provided 
with an intermediate metal layer 39C (a region indicated by 
L in the Figure). 
0271 Thus, by providing the area having no intermediate 
metal layer 39C at the periphery of the cavity 41A, the resin 
package 12 adheres to the lead frame 38A in the region L 
even when the intermediate metal layer 39C is made of a 
material having low adhesiveness against the lead frame 
38A. Accordingly, the resin package 12 is prevented from 
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peeling off from the lead frame 38B, so that the yield of 
manufacturing the Semiconductor device is improved. 

0272. Also, in the embodiment shown in FIG. 35, the 
wires 18 are formed by normal bonding. However, the 
present embodiment is not limited to a structure where the 
wires 18 are formed by normal bonding but can be applied 
to a structure where the wires 34 are formed by reverse 
bonding as a variant shown in FIG. 36. 
0273) Referring to FIGS. 37 to 40, each process of the 
fifth embodiment of the method of manufacturing a semi 
conductor device will be described. The following descrip 
tion will be made of an example where the wires 34 are 
formed by reverse bonding. 
0274 FIG.37 is a plan view showing the lead frame 38A 
after the chip mounting process. AS Shown in the Figure, the 
intermediate metal layer 39C is provided except for the 
predetermined region L of the cavity 41A. Therefore, the 
lead frame 38A is exposed in the region L. In the present 
embodiment, the intermediate metal layer 39C is made of 
Silver (Ag) which has low adhesiveness against the lead 
frame 38A which is, for example, made of copper (Cu) or 
copper alloy. 

0275. The semiconductor chip 11 is fixed on a predeter 
mined mounting position on the lead frame 38A by the chip 
fixing resin 15. Also, the intermediate metal layer 39C and 
the semiconductor chip 11 are connected by wires 34. Since 
the wires 34 are provided by reverse bonding, the ends of the 
wires 34 which are joined to the intermediate metal layer 
39C are the first bonding parts 35 and the ends of the wires 
34 which are joined to the semiconductor chip 11 are the 
Second bonding parts 36. 

0276 FIG. 38 is cross-sectional diagram showing the 
lead frame 38A after the Sealing process. By implementing 
the Sealing process, the resin package 12 is formed on the 
cavity 41A as shown in the Figure. AS has been described, 
at the periphery of the cavity 41, there is formed the region 
L where no intermediate metal layer 39C is formed. There 
fore, in this region L, the resin package 12 and the lead frame 
38A are directly joined. 

0277. There is a good adhesiveness between the resin 
package 12 and the lead frame 38A. Therefore, the resin 
package 12 and the lead frame 38A are Securely joined 
together by an anchoring effect caused by the resin package 
12 embedded in the cavity 41A and by an adhesive force in 
the region L. Thus, the resin package 12 will not peel off 
from the lead frame 38A. 

0278 After the chip mounting process and the sealing 
process, a dissolving process shown in FIG. 39 is imple 
mented. In the dissolving process, the intermediate metal 
layer 39C is dissolved as well as the lead frame 38A. Then, 
the first bonding parts 35 are exposed from the resin package 
12. Also, when the intermediate metal layers 39C are 
removed, individual first bonding parts 35 become electri 
cally insulated from one another. 
0279. After the dissolving process, a stud bump forming 
process is implemented. The Stud bumpS 17 Serving as the 
external connection terminals are formed on the first bond 
ing parts 35 exposed from the resin package 12 using the 
wire-bonding equipment. Thus, the Semiconductor device 
10K shown in FIG. 40 is manufactured by implementing the 
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Series of manufacturing processes described above. This 
Semiconductor device 10 K has a structure Such that pro 
truded parts 43 are formed on the base material part which 
will be the mounting Surface. 

0280. In the above-described embodiment, the wires 34 
are provided by reverse bonding. However, the above 
described method of manufacturing can be applied when 
normal bonding is used. The semiconductor device 10L 
shown in FIG. 41 is manufactured by applying the above 
described method of manufacturing to normal bonding. 

0281 Also, each embodiment described using FIGS. 35 
to 41 has been described as a Structure having the region 
where no intermediate metal layer 39C is provided only at 
the periphery of the cavity 41A. However, as in the second 
to fifth embodiments described above, the present embodi 
ment can be applied to the semiconductor devices 10B to 
10E provided with the metal layers 13. 

0282. With the structures of the semiconductor devices 
10B to 10E of the second to fifth embodiments, the area of 
the metal layers 13 formed on the lead frame 20 in the 
Sealing process is Smaller. However, when the metal layers 
13 are made of metal which tends to peel off from the lead 
frame 20, though not with high probability, there is still a 
possibility that the resin package 12 peels off. Thus, by 
applying the present embodiment to the Semiconductor 
devices 10B to 10E of the second to fifth embodiments, the 
resin package 12 is prevented from peeling off. 

0283 Referring to FIG. 42, a sixth embodiment of the 
method of manufacturing a Semiconductor device will be 
described. 

0284 FIG. 42 is cross-sectional diagram showing a lead 
frame 38C after the sealing process. The present embodi 
ment shows a method of manufacturing a plurality of 
semiconductor devices from a single lead frame 38C (a 
So-called multiple forming). 
0285) The lead frame 38C is provided with a plurality of 
Semiconductor chips 11 mounted thereon. Also, in regards to 
improving producing capability, an intermediate metal layer 
39D is formed on Substantially entire surface of the lead 
frame 38C. A mold resin 44 (which will be divided into resin 
packages 12) is formed as a single piece covering a plurality 
of semiconductor devices 11. The lead frame 38C is not 
provided with individual cavities. 
0286 With a structure for implementing multiple form 
ing, when an intermediate metal layer 39D is made of a 
material having low adhesiveness against the lead frame 
38C, the mold resin 44 may peel off from the lead frame 
38C. The damage resulting from this peeling is particularly 
great in a case of Such multiple forming. 

0287 Thus, in the present embodiment, the lead frame 
38C is provided with through holes 45. The through holes 34 
are placed at positions apart from the area where the 
Semiconductor chips 11 are provided. Accordingly, when the 
mold resin 44 is formed in the Sealing process, this resin 
which serve as the mold resin 44 will also be filled in the 
through holes 45. 

0288 The resin filled in the through holes 45 will give an 
anchoring effect which fixes the mold resin 44 on the lead 
frame 38C. Therefore, an adhesiveness between the mold 
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resin 44 and the lead frame 38C improves, so that the mold 
resin 44 is prevented from peeling off from the lead frame 
38C. 

0289. After the sealing process, a dissolving process is 
implemented for simultaneously removing the lead frame 
38C and the intermediate metal layer 39D. After the dis 
Solving process, the plurality of the Semiconductor chips 11 
is connected by the mold resin 44. Therefore, Subsequently, 
the mold resin 44 is divided into individual pieces at division 
lines 46 shown by dashed lines in FIG. 42 (dividing 
process). 
0290 Then, a stud-bump forming process is implemented 
to the individual pieces. Thus, the Semiconductor devices are 
manufactured. Also, the above-described dividing process 
and the Stud-bump forming process may be implemented in 
a reversed order. That is to Say, first, the Stud-bump forming 
process may be implemented So as to form Stud bumps, and 
then the dividing process may be implemented So as to 
divide the mold resin 44 into individual pieces. 
0291 FIG. 43 is a diagram showing a semiconductor 
device module 40D formed by mounting a plurality of 
semiconductor devices 10J of the tenth embodiment shown 
in FIG. 27 on a single mounting board 47. 
0292 Individual semiconductor devices 10J are electri 
cally connected to each other by interconnections 48 formed 
on the mounting board 47. Also, an under-fill resin 50 is 
provided between each semiconductor device 10J and the 
mounting board 47, so that the stud bumps 17 are not 
Subjected to excessive stress resulting from thermal changes. 
Further, each semiconductor device 10J provided on the 
upper Surface of the mounting board 47 is electrically 
connected to mounting terminals 51 provided on the lower 
surface of the mounting board 47 by vias 49. 
0293 Thus, by using a plurality of semiconductor 
devices 10J as the semiconductor device module 40D, the 
individual semiconductor device 10J has the above-de 
scribed effects. Therefore, the semiconductor module 40D 
can achieve reduction in size and thickness, narrow-pitched 
external connection terminals and Simplification of the 
manufacturing processes. 

0294 Further, the present invention is not limited to these 
embodiments, but variations and modifications may be made 
without departing from the Scope of the present invention. 
0295) The present application is based on Japanese pri 
ority application No. 10-043993 filed on Feb. 25, 1998 and 
Japanese priority application No. 10-190 filed on Jul. 7, 
1998 the entire contents of re hereby incorporated by 
reference. 

What is claimed is: 
1. A Semiconductor device comprising: 
a Semiconductor chip Sealed in a resin; and 
connecting members for electrically connecting Said 

Semiconductor chip and external connection terminals, 
wherein Said external connection terminals are Stud 

bumps. 
2. A Semiconductor device comprising: 
a Semiconductor chip; 
a resin package for Sealing Said Semiconductor chip; 
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metal layerS provided on a mounting-Side Surface of Said 
resin package in an exposed manner; and 

connecting members for electrically connecting electrode 
pads provided on the Semiconductor chip and the metal 
layers, 

wherein Said metal layers are provided with Stud bumps 
on the mounting Side, Said Stud bumps Serving as 
external connection terminals. 

3. The Semiconductor device as claimed in claim 2, 
wherein each of Said metal layerS has a single-layered 
Structure and is made of one of gold (Au), palladium (Pd) 
and aluminum (Al). 

4. The Semiconductor device as claimed in claim 2, 
wherein each of Said metal layerS has a double-layered 
Structure having two layers each made of respective one of 
gold (Au), palladium (Pd) and aluminum (Al). 

5. The Semiconductor device as claimed in claim 2, 
wherein each of Said metal layerS has a double-layered 
Structure having an outer layer made of palladium (Pd) and 
an inner layer made of nickel (Ni). 

6. The Semiconductor device as claimed in claim 2, 
wherein each of Said metal layerS has a triple-layered 
Structure having three layers made of either a combination of 
an outer layer made of palladium (Pd), an intermediate layer 
made of nickel (Ni) and an inner layer made of palladium 
(Pd), or a combination of an outer layer made of gold (Au), 
an intermediate layer made of nickel (Ni) and an inner layer 
made of palladium (Pd). 

7. The semiconductor device as claimed in claim 2, 
wherein each of Said metal layerS has a quadruple-layered 
Structure having four layers made of a combination of an 
outer layer made of palladium (Pd), a first intermediate layer 
made of nickel (Ni), a second intermediate layer made of 
palladium (Pd) and an inner layer made of gold (Au). 

8. A Semiconductor device comprising: 

a Semiconductor chip; 
a resin package for Sealing Said Semiconductor chip; and 

connecting members having one set of ends connected to 
electrode pads on Said Semiconductor chip and the 
other Set of ends exposed from Said resin package So as 
to form mounting-Side ends, 

wherein Said mounting-Side ends exposed from Said resin 
package are provided with Stud bumps, Said Stud bumps 
Serving as external connection terminals. 

9. The semiconductor device as claimed in claim 8, 
wherein Said connecting members are wires. 

10. The semiconductor device as claimed in claim 9, 
wherein the wires extend from the stud bumps and terminate 
at electrode pads on the Semiconductor chip. 

11. The Semiconductor device as claimed in claim 8, 
wherein the connecting member has a portion exposed from 
the resin package, Said portion having an area greater than 
a joining area of the Stud bump. 

12. A lead frame comprising: 

metal layerS provided on a Surface of the lead frame, 
wherein Said metal layers being provided at positions 

corresponding to positions where the Stud bumps are to 
be provided. 
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13. The lead frame as claimed in claim 12, wherein each 
of Said metal layerS has a Single-layered Structure and is 
made of one of gold (Au), palladium (Pd) and aluminum 

14. The lead frame as claimed in claim 12, 
wherein each of Said metal layerS has a double-layered 

Structure having two layers each made of a respective 
one of gold (Au), palladium (Pd) and aluminum (Al). 

15. The lead frame as claimed in claim 12, 
wherein each of Said metal layerS has a double-layered 

Structure having an outer layer made of palladium (Pd) 
and an inner layer made of nickel (Ni). 

16. The lead frame as claimed in claim 12, 
wherein each of Said metal layerS has a triple-layered 

Structure made of either a combination of an outer layer 
made of palladium (Pd), an intermediate layer made of 
nickel (Ni) and an inner layer made of palladium (Pd), 
or a combination of an outer layer made of gold (Au), 
an intermediate layer made of nickel (Ni) and an inner 
layer made of palladium (Pd). 

17. The lead frame claimed in claim 12, 
wherein each of Said metal layerS has a quadruple-layered 

Structure made of a combination of an outer layer made 
of palladium (Pd), a first intermediate layer made of 
nickel (Ni), a Second intermediate layer made of pal 
ladium (Pd) and an inner layer made of gold (Au). 

18. A lead frame comprising a recessed part, 
wherein said recessed part is formed at a position corre 

sponding to a position where the resin package is to be 
formed. 

19. The lead frame as claimed in claim 17, 
further comprising an intermediate metal layer provided 

inside the recessed part. 
20. The lead frame as claimed in claim 17, 

wherein the recessed part has an area, at least at the 
periphery, not provided with the intermediate metal 
layer. 

21. The lead frame as claimed in claim 17, 

wherein the recessed part is provided with raised parts 
formed therein. 

22. A method of manufacturing a lead frame used for 
manufacturing a Semiconductor device, Said method com 
prising the Steps of 

a) forming a first resist on a base material; 
b) forming a predetermined first resist pattern by remov 

ing parts of the first resist corresponding to the parts 
where through holes are to be formed, Said through 
holes used for fixing or moving the base material; 

c) forming through holes by etching the base material 
using the first resist pattern as a mask, 

d) removing the first resist; 
e) forming a second resist on the base material; 
f) forming a predetermined second resist pattern by form 

ing resist openings by removing parts of the Second 
resist corresponding to the parts where metal layers are 
to be formed; 
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g) forming metal layers at the resist openings formed on 
the Second resist, and 

h) removing the Second resist. 
23. The method of manufacturing a lead frame as claimed 

in claim 22, wherein said step g) is implemented So as to 
form metal layers each having a single-layered Structure and 
being made of one of gold (Au), palladium (Pd) and alumi 
num (Al). 

24. The method of manufacturing a lead frame as claimed 
in claim 22, wherein said step g) is implemented So as to 
form metal layers each having a double-layered Structure 
and having two layers each made of a respective one of gold 
(Au), palladium (Pd) and aluminum (Al). 

25. The method of manufacturing a lead frame as claimed 
in claim 22, wherein said step g) is implemented So as to 
form metal layers each having a double-layered Structure 
and having an outer layer made of palladium (Pd) and an 
inner layer made of nickel (Ni). 

26. The method of manufacturing a lead frame as claimed 
in claim 22, wherein said step g) is implemented So as to 
form metal layerS having a triple-layered Structure and 
having three layerS made of either a combination of an outer 
layer made of palladium (Pd), an intermediate layer made of 
nickel (Ni) and an inner layer made of palladium (Pd), or a 
combination of an outer layer made of gold (Au), an 
intermediate layer made of nickel (Ni) and an inner layer 
made of palladium (Pd). 

27. The method of manufacturing a lead frame as claimed 
in claim 22, wherein said step g) is implemented So as to 
form metal layers having a quadruple-layered structure 
having four layers each made of a combination of an outer 
layer made of palladium (Pd), a first intermediate layer made 
of nickel (Ni), a second intermediate layer made of palla 
dium (Pd) and an inner layer made of gold (Au). 

28. A method of manufacturing a Semiconductor device 
using a lead frame, Said method comprising the Steps of 

a) mounting a Semiconductor chip on the lead frame, and 
electrically connecting Said Semiconductor chip and 
metal layerS provided on the lead frame using connect 
ing members, 

b) Sealing the Semiconductor chip on the lead frame So as 
to form a resin package; 

c) dissolving the lead frame So that the metal layers are 
provided on a Surface of the resin package in an 
exposed manner; 

d) forming Stud bumps on a mounting-Side Surface of 
exposed metal layers. 

29. A method of manufacturing a Semiconductor device, 
Said method comprising the Steps of: 

a) mounting a Semiconductor chip on the lead frame, and 
electrically connecting Said Semiconductor chip and 
metal layerS provided on the lead frame using connect 
ing members, 

b) Sealing the Semiconductor chip on the lead frame So as 
to form a resin package; 

c) dissolving the lead frame and the metal layerS So that 
mounting-Side ends of the connecting members are 
exposed; 

d) forming Stud bumps on the exposed mounting-side 
ends of the connecting members. 
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30. A method of manufacturing a Semiconductor device, 
Said method comprising the Steps of: 

a) mounting a Semiconductor chip on the lead frame, and 
electrically connecting Said Semiconductor chip and 
metal layerS provided on the lead frame using connect 
ing members, 

b) Sealing the Semiconductor chip on the lead frame So as 
to form a resin package; 

c) dissolving the lead frame and the metal layers So that 
mounting-Side ends of the connecting members are 
exposed; 

d) forming external plating on the exposed mounting-side 
ends of the connecting members. 

31. A method of manufacturing the Semiconductor device 
as claimed in claim 28, wherein the connecting members are 
one of wires and protruded electrodes. 

32. A method of manufacturing a Semiconductor device 
using a lead frame, Said method comprising the Steps of 

a) mounting a semiconductor chip in a recessed part 
formed in the lead frame, and forming connecting 
members having one Set of ends connected to electrode 
pads on Said Semiconductor chip and the other Set of 
ends exposed from a resin package So as to form 
mounting-Side ends, 

b) Sealing the Semiconductor chip in the recessed part 
formed in the lead frame so as to form the resin 
package; 

c) dissolving the lead frame So that the mounting-side 
ends of the connecting members are exposed; 

d) forming Stud bumps on the mounting-side ends of the 
exposed connecting members. 

33. The method of manufacturing a semiconductor device 
as claimed in claim 32, wherein the lead frame further 
comprises an intermediate metal layer provided inside the 
recessed part. 

34. The method of manufacturing a Semiconductor device 
as claimed in claim 32, wherein the recessed part has an 
area, at least at the periphery, not provided with the inter 
mediate metal layer. 

35. The method of manufacturing a semiconductor device 
as claimed in claim 32, wherein the recessed part is provided 
with raised parts formed therein. 

36. The method of manufacturing a Semiconductor device 
as claimed in claim 32, wherein the connecting members are 
one of wires and protruded electrodes. 

37. The method of manufacturing a semiconductor device 
as claimed in claim 32, 

wherein the connecting members are wires, and 
wherein said step a) further comprises the steps of: 

e) first bonding said wires on the intermediate metal 
layer, and 

f) Second bonding Said wires on the Semiconductor chip 
by extending Said wires. 

38. A method of manufacturing a Semiconductor device 
using a lead frame, Said method comprising the Steps of 

a) mounting a semiconductor chip in a recessed part 
formed in the lead frame, and forming connecting 
members having one Set of ends connected to electrode 
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pads on Said Semiconductor chip and the other Set of 
ends exposed from a resin package So as to form 
mounting-Side ends, 

b) Sealing the Semiconductor chip in the recessed part 
formed in the lead frame so as to form the resin 
package; 

c) dissolving the lead frame So that the mounting-side 
ends of the connecting members are exposed; 

d) forming external plating on the mounting-side ends of 
the exposed connecting members. 

39. The method of manufacturing a semiconductor device 
as claimed in claim 32, wherein the lead frame further 
comprises an intermediate metal layer provided inside the 
recessed part. 

40. The method of manufacturing a semiconductor device 
as claimed in claim 32, wherein the recessed part has an 
area, at least at the periphery, not provided with the inter 
mediate metal layer. 
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41. The method of manufacturing a Semiconductor device 
as claimed in claim 32, wherein the recessed part is provided 
with raised parts formed therein. 

42. The method of manufacturing a Semiconductor device 
as claimed in claim 32, wherein the connecting members are 
one of wires and protruded electrodes. 

43. The method of manufacturing a Semiconductor device 
as claimed in claim 32, 

wherein the connecting members are wires, and 

wherein said step a) further comprises the steps of: 

e) first bonding said wires on the intermediate metal 
layer, and 

f) Second bonding Said wires on the Semiconductor chip 
by extending Said wires. 


